A new technique is described for solving supersonic fluid dynamics problems containing multiple regions of continuous flow, each bounded by u permeable or Impermeable surface. Region boundaries are, in general, arbitrarily shaped and time dependent. Discretizatlon of such a region for solution by conventional finite difference procedures Is accomplished using an elliptic solver which alleviates the dependence on a particular base coordinate system. Multiple regions are coupled together through the boundary conditions. The technique has been applied to a variety of problems Including a shock diffraction problem and supersonic flow over a pointed ogive.
): If the weak conservation-law equations had been chosen, a different set of conditions would result, this time for the differencing of the metric gradients appearing in the source terms. The use of the nonconservative form of the equations results in no special geometry differencing requirements whatsoever.
Thus far two sets of metric values have been identified.
They are referred to as a-metrics and b-metrics based on their superscript. Conditions (10) and (11) dictate the manner in which the b-metrics are to be computed. However, the calculation of the a-metrics is still a free choice. Although the two sets represent the same physical quantities, they need not be numerically equivalent. In fact, it is shown in a subsequent section that the manner in which the a-metrics are computed is dictated by the accuracy with which the integrated Jacobian value, I, resulting from Eq. (9), represents the actual Jacobian of the mapping.
The calculation of the metrics requires knowledge of the coordinates (x,y) of each grid point. Determination of these coordinates and the speed with which the points move (x,,y,) is the subject of the next section.
Grid and Grid Speed Operators
In order to determine the metric quantities, the coordinates (x,y) of each grid point must be known. Also, grid point speeds (x,,y,) are required to advance both the flow solution and the Jacobian [Eqs. (7) and (12)] in time. Due to the time varying nature of the grid botmdaries, the location and speed of each interior grid point are necessarily dependent upon the location and speed of the boundary points. Two methods for obtaining such dependence are now described. This elliptictype dependence may be obtained for the grid by following the approach of Thompson et al.5 Given the boundary point coordinates (x,y), the interior grid point coordinates are required to satisfy the nonlinear elliptic coupled partial differential equations
with specified boundary values, where
where _=x_ +y_ (15)
T=X_ +y_ (17)
The forcing functions P(r,/L_) and Q(r,_,_) are used to concentrate the grid lines where they are most needed. For the present study these functions are set to zero.
The requirement that the coordinates (x,y) satisfy Eq. (13) plus boundary conditions allows determination of the grid. However, the grid speed values are still unknown on the interior points. The boundary point speeds are assumed known since these values typically represent the speed of shock points, etc., which are determined from the flow solution.
Interior values for (x,,y,) could, of course, be obtained with backward finite differences but this requires
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extra information at the initial data surface and may be inconsistent with the scheme used to advance the boundary point locations in time. In addition, the solution to Eq. (13) must be iterative due to the nonlinearity of the operator, G. Another approach, and the one used in the present study, is to differentiate Eqs. (13) with respect to r which, for a one-toone mapping, yields the equation
S[_l=:
08)
where Z,= (x,,y,) 
Cs (r,_,_) =2(y_y, -y_,y_ +I(Py_ + (pO,,)x_ ) (20)
Once the coordinates (x,y) are known at each grid point, the metric quantities and their derivatives may be obtained with finite differences. The result is that the system of partial differential equations represented by Eq. (18) is linear in the dependent variables (x,,y,) with known variable coefficients and a direct method of solution to its finite difference representation may be employed to determine (x,,y,) at all interior points when given the boundary point speeds. In addition, the grid-point locations may be determined from a simple time integration of these computed speeds rather than by solving the nonlinear system, Eq. (13). This point is discussed in the next section.
Coupling of Geometry Treatment and Finite Difference Scheme
Several points are considered in this section involving the accuracy of the procedures developed. This accuracy is intimately connected to the coupling which exists between the finite difference scheme chosen to integrate the governing equations and the treatment of the geometry. MacCormack's standard unsplit predictor-corrector scheme _9 is used to integrate fhe flow equations, Eq. (7), and the GCL equation, Eq. (12) • X'+I__ 1//2 (X n +xn+ 1 + ATxn+I)
y.+t= ½ (y" +y'+l +Ary_+t)
and the a-metrics are differenced as (with A_ = A_ = 1)
=_jSttx_l, (13) at n + 1. This fact provides some assurance that the grid will remain nicely structured as it moves in time.
Algorithm
The algorithm for applying the preceding procedures to an arbitrary module is described in the following 15 steps. A priori knowledge of the initial boundary point locations and their speeds, and the initial flow solution, 4 _, is assumed.
I) Given (x',y')
at all boundary points, compute (x_,y _) at all interior points initially by solving the coupled equations
2) Compute the a-metrics from Eq. (27). 6) Apply Eels. (21) and (22) to yield (14) n+t and I n+_ at all interior grid points.
(Special difference equations are used at boundary points.) 7) Apply Eq. _ to yield (x"+_,__ "+t) at all grid points.
8) Compute
4"+_= (14)'+_/I "+1 and____appl__ boundary conditions to obtain the boundary speed er" + t n+ ,-, ,y, ) (i.e., shock speed, etc.). 9) Compute a-metrics from Eq. (28). 10) Compute b-metrics from
1_ Given (x'_+l,y_, +_) at all boundary points, compute 
Initial and Boundary Conditions Initial Conditions
The techniques developed in the present effort revolve around the concept of generality. initial flowfield for an arbitrary problem does not lend itself to a general treatment.
As a result, the initial solution for a given flow configuration is treated as an independent problem and is not part of the existing computer code.
Boundary Conditions
The algorithm described in the previous section applies to an arbitrary module.
Steps 8 
Two Modules
The ogive body just discussed also serves as a test case of a double module problem with the trailing edge shock forming the interface boundary between the two modules. Figure  8 illustrates the converged grid and both the leading edge and trailing edge shocks. In this case, the aft region is three-sided and a geometric singularity is introduced along the symmetry boundary.
The surface pressure distribution along the ogive and the symmetry boundary is depicted in Fig. 9 larger than it should be at this point. This same behavior is observed behind the leading edge shock and is due to some slight inconsistency in the scheme used to treat this type of corner point.
The anomaly appearing near the center of the aft region symmetry boundary is due to the existence of the geometric singularity. This is contrary to the findings for the three-sided region in the single module ogive case where no anomaly appeared. A possible explanation of this follows. The grid for the single module case (Fig. 6 ) appears to be nearly symmetric in some sense with respect to the singular point. Therefore, the truncation error in the solution, which is weakly dependent upon the problem geometry, will be essentially the same on either side of this point.
Thus the solution will not be forced by the geometric contribution to the truncation error to exhibit a nonsmooth behavior through the singularity.
On the other hand, this symmetry does not exist for the double module case as seen in Fig. 8 . This causes the truncation error on one side of the singular point to be different from that on the other side which give_ rise to a weak perturbation on the solution at points near the singularity where the geometric variables are rapidly changing. 
Concluding

